T-box transcription factors regulate many developmental processes. Here we report the cloning and expression analysis of ske-T, a novel sea urchin T-box gene. The distribution of the maternal ske-T transcript is uniform in the egg and early embryonic stages while zygotic expression is restricted to the skeletogenic mesenchyme lineage. q
Results and discussion
T-box genes encode transcription factors that play important roles in many developmental processes including the formation and patterning of the mesoderm (Papaioannou and Silver, 1998; Smith, 1999) . Proteins of this family share a highly conserved DNA binding domain called the T-box (Bollag et al., 1994; Wattler et al. 1998) . To analyse the roles of T-box genes in the development of the sea urchin embryo (Paracentrotus lividus), cDNAs coding for T-box transcription factors were cloned by degenerate reverse transcriptase polymerase chain reaction (RT-PCR), library screening and 5 H -RACE-PCR. We isolated a 4256 bp cDNA with an open reading frame (ORF) encoding a protein with 958 amino acid residues (Fig. 1 ). This new protein, which contains a T-box in its central region, was named ske-T. Phylogenetic analysis of T-box domains shows that ske-T belongs to the T-brain subfamily (Fig. 2) . No similarities with other proteins were detected outside the T-box except with a homolog from a distantly related sea urchin species (Hemicentrotus pulcherrimus) whose sequence was released while this work was in progress (AC number BAB20810).
The expression pattern of the ske-T gene during development was studied by Northern blot and whole mount in situ hybridization.
Northern blot analysis revealed the presence of two transcripts (Fig. 3) . A transcript of approximately 4 kb is maternally expressed and persists at a roughly constant level during the early cleavage stages. The transcript level then decreases rapidly to become undetectable by mid-cleavage. A faint expression from late cleavage to the gastrula stage suggests a very low level of zygotic transcription. A transcript of approximately 5 kb, barely detectable in the egg and early stages, is zygotically expressed from late cleavage to gastrula. The ske-T gene is silent after gastrulation.
In situ hybridization showed that these two transcripts have different spatial expression patterns. The maternal transcript did not display detectable localization in unfertilized eggs or restriction to particular lineages or areas in early embryos (Fig. 4A) . In contrast, when ®rst detected at an early blastula stage, the zygotic transcript was restricted to a very small area (Fig. 4B) . The position of this region was determined by double labelling with a ske-T probe and a probe from the HE gene whose transcripts are restricted to the animal side of the embryo (Lepage et al., 1992) . As shown in Fig. 4B , the area in which the ske-T gene is expressed is opposite to the HE domain and thus located at the vegetal pole. A surface view from the vegetal pole shows that ske-T is expressed in a ring of 16 cells surrounding eight non-expressing cells (Fig. 4B) . The fate map and cell lineage (Davidson, 1989) indicate that this domain corresponds to the skeletogenic mesenchyme lineage. At the swimming blastula stage, the cells labelled with the ske-T probes were still present in the blastula wall. At the mesenchyme blastula stage, labelling was only associated with cells that had migrated into the blastocoel. At the gastrula stage, the labelled cells were arranged following the characteristic pattern of the primary mesenchyme cells, which produce the spicules of the larva skeleton (Fig. 4C) . ske-T expression was not detected at the prism and pluteus stages in agreement with the Northern data.
To summarize, ske-T is expressed in two clearly distinct phases. The ®rst phase is under maternal control and a short transcript is expressed uniformly. The second phase is zygotic and a larger transcript is strictly restricted to the skeletogenic mesenchyme lineage. This expression pattern suggests that zygotic ske-T could play a role in the differentiation of the skeletogenic mesenchyme in the sea urchin embryo.
Methods

Cloning of ske-T
RT-PCR was carried out on total RNA extracted from embryonic stages as described by Emily-Fenouil et al. (1998) , using degenerated oligonucleotides designed from conserved blocks of the T-box domain (YVHPDSP and VTAYQNE). A 228 bp fragment derived from a T-box region was ampli®ed and then used as a probe to screen early and late embryonic cDNA libraries. The longest cDNA isolated contained an incomplete ORF. An overlapping fragment including the beginning of the ORF and 317 bp of the 5 H -UTR was isolated by 5 H -RACE-PCR using the SMART RACE kit from Clontech (CA, USA).
Expression analysis
Embryo culture and Northern blot were carried out as previously described (Lepage and Gache, 1990) . Whole mount in situ hybridization was carried out following a procedure adapted from Harland (1991) and Lepage et al. (1992) . Northern blot of total RNA prepared from embryos at the indicated stages. E, unfertilized egg; 16, 16-cell stage; 60, 60-cell stage; B1, B3, B5, blastula stages; SB, swimming blastula; MB, mesenchyme blastula; EG, early gastrula; G, gastrula; D, prism; P, pluteus. The blot was probed with the 228 bp fragment ampli®ed by RT-PCR as described in Section 2. The same pattern was obtained with several probes derived from different parts of the isolated clone, indicating that most, if not all, of the contig sequence is in common between the maternal and zygotic transcripts. Fig. 4 . Spatial distribution of ske-T transcripts during development. Embryos at the indicated stage were hybridized with sense and antisense probes derived from a 2.5 kb fragment extending from the ®rst position of the cDNA (995 of the contig, codon 331) to the EcoRV site at position 3498 in the 3 H -UTR. The HE gene (hatching enzyme) probe has been described by Lepage and Gache (1990) . (A), unfertilized egg and cleavage stages. (B), orientation of the ske-T domain at the blastula stage. (C), post-hatching stages. Lateral views with the animal pole at the top, except for the right-most picture in (B), which is a vegetal view, and the pluteus in (C).
